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MIDEX Safety, Rdiability & Qudity Assurance Requirements

Overview

Reliability congderations for the MIDEX Program are bounded by programmatic demands for
scientific excellence, low cogt, and rapid development. As aresult, systems are expected to be
predominantly non-redundant or "single string.” However, redundancy is encouraged where
appropriate and where resources alow.

The safety, rdiability and qudity assurance requirements for the MIDEX Program will be
structured to accept the increased risk that is inherent in a predominately non-redundant system.
Good qudity parts and materids, alimited rdiability and quality program, and significant reliance
on the test program will be key factors in balancing rdiability gods agang program cost and
complexity condraints.

The Proposer has responsibility and control over development of the instrument(s), the
Spacecraft, and, generdly, the selection of the launch vehicle. Only limited support is planned
by NASA, with emphasis on those activities that contribute most to product reliability and
integrity. Deliverable documentation is reduced, provided the Proposer maintains adequate
internd records that demonstrate tracesbility when needed.

The safety, rediability and quality assurance requirements for the MIDEX Program recognize a
wide variaion in complexity, Size, and technology of proposed instruments and spacecraft; these
al can affect program risk and costs. The requirements recogni ze that there are significant
differencesin the availability to investigators of facilities, skills, and supporting capabilities. The
sdfety, rdiability and quaity assurance program ensures that hardware and software are
designed, manufactured, and tested to flight standards, and that drawing and specification
requirements are met. Guidelines and requirements for conducting an gppropriate safety,
reliability and quality assurance program are contained in this document. Part 1 contains
MIDEX Assurance Requirements (MAR). It is expected that these requirements will be
incorporated into the Proposer’ s contract documents. Part 2 contains MIDEX Assurance
Guiddines (MAG). These guidedines are provided for the purpose of describing the things that
experience has shown result in ardiable product. They are highly recommended but are not
required.

The Proposer should refer to the MAR and MAG in developing his safety, reliability and quality
assurance gpproach and redlistically addressing the costs associated with these tasks. During
the definition phase of the misson the specific implementation details of the

Proposer’ s safety, reliability and quality assurance program will be negotiated. The qudity
program shall be modeled after ANSI/ASQC Q9001-1994, "Quality Systems - Model for
Qudity Assurance in Design, Development, Production, Ingdlation, and Servicing'.
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As part of the proposa submitted in response to an AQ, a brief two-three page description of
the proposed approach to safety, reliability and quaity assuranceisrequired. The description
should reflect the Proposer’ s understanding of, and gpproach to, implementing the safety,
reliability and qudity assurance requirements/guidelines contained in the MAR/MAG. The
description should dso provide the basis for the safety, rdiability and quaity assurance costs
contained in the proposd. The Proposer is encouraged to make maximum use of existing
practices and procedures in developing and implementing the safety, reliability and quality
assurance program. For requirements that are not fully applicable, because of a particular
aspect of the instrument or mission, the Proposer should provide appropriate rationde. The
Proposer may dso offer an dternate method of meeting the intent of a requirement when such a
method is better digned with the manner in which the total work isto be accomplished. The
Proposer must describe the plans for maintaining adequate internal documentation for al safety,
reliability and qudity assurance activities and for providing NASA with essentid ddiverable
documentation.
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Part 1

MIDEX Assurance Requirements
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GSFC-410-MI1DEX-002

MEDIUM EXPLORER (MIDEX) PROGRAM

MIDEX ASSURANCE REQUIREMENTS

Rev C
January 18, 2001
Approved by: Prepared by:
Anthony Comberiate Richard Claffy
Explorer Program Manager Mission Assurance Manager

The purpose of thisdocument isto concisely present the safety and assurance
requirementsthat are necessary for the MIDEX Project. Theserequirementsare
intended to beincorporated into MIDEX developer contract documents.

NASA Goddard Space Flight Center
Greenbdt, Maryland
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1.0 OVERVIEW

The developer shdl plan and implement an organized safety, reliability and quaity assurance
(SR&QA) program for flight hardware, software and ground support equipment. The
developer shdl support and participate with the Explorer Project at GSFC in vaidating and
periodicaly reviewing the SR& QA program. This document presents a concise statement of
MIDEX minimum requirements. Additiona information can be found in GSFC-410-MIDEX-
001, “MIDEX Assurance Guiddines’ which is contained in Part 2 of this document.

In accordance with NASA Headquarters policies for Medium-class Explorers, a payload
classfication per NMI 8010.1A is not being issued for MIDEX. Thiswill permit tailoring of the
SR& QA requirements in accordance with the 1SO 9001 series standards, supplemented by
mission assurance guideines and requirements gppropriate for the level of risk for a program of
this scale. The misson assurance program should augment the project team’s overdl risk
management process. A Continuous Risk Management (CRM) methodology must be used that
identifies exigting or emergent technica and programmatic risks, statuses them, evaluates
mitigation efforts, and retires them or carries resdud risks forward.

Under thisAO, Pl teams are free to propose Missons of Opportunity, investigations that
involve missions not funded or managed by OSS. GSFC recognizes that in this circumstance,
the actual scope of work performed under these requirements by the Pl ingtitution may differ
sgnificantly from that of complete and independent Pl missions. Therefore, the requirementsin
this document apply, but only within the work scope that is under direct control of the Pi
inditution. Limited applicability is based on the necessity that host missions maintain their own
traditiond systems for managing Science, Enginegring, Safety, Rdiability, & Qudity Assurance
requirements. Furthermore it is reinforced by the fact that the Pl ingtitution will be required by
the host to abide by those requirements and to physicaly and functionally match dl provided
interfaces. No limited applicability is permitted for sysem safety, range safety, or personnd
safety requirements.

2.0 QUALITY ASSURANCE
2.1 Quality System

During Phase B the developer shdl define and implement a quaity system based on
ANSI/ASQC Q9001-1994 that properly encompasses MIDEX flight hardware, software, and
Ground Support Equipment. The quaity manuad, as required by this sandard, shall be provided
for GSFC review during Phase B._An agreement between the Principal Investigator and the
Explorer Program Office on the qudity assurance, reviews, safety, design assurance and
verification system to be implemented will be required prior to the confirmation of the mission.

2.2 Workmanship
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The following commercid, or NASA, workmanship standards shdl be used for MIDEX:

NASA-STD-8739.3:

NASA-STD-8739.4:

NHB 5300.4 (3H):
NHB 5300.4 (31):

NHB 5300.4 (3J):

NHB 5300.4 (3K):

NHB 5300.4 (3L):

Requirements for Soldered Electrica Connections
Crimping, Interconnecting Cables, Harness, and Wiring
Requirements for Crimping and Wire Wrap
Requirements for Printed Wiring Boards

Requirements for Conforma Coating and Staking of Printed
Wiring Boards and Electronic Assemblies

Desgn Requirements for Rigid Printed Wiring Boards and
Asmblies

Requirements for Electrogtatic Discharge Control (Excluding
eectricdly initiated explosve devices)

The developer shdl provide printed wiring board couponsto GSFC, or to a GSFC approved
laboratory for evauation. Approva shal be obtained prior to population of printed wiring
boards.

2.3 _=Misson assurance Audits and Reporting

Assurance Status Reports will be part of the regular, monthly reporting by the Principa
Investigator to the Explorer Program Office and will summarize the status of al assurance
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activities and report on any discrepancies (including corrective actions) that could affect the
performance of the investigation.

During al phases of the misson, NASA must be able to assess the rdiability of the mission and
understand how the Principd Investigator is resolving problems. In order to do this, the
Principd Investigator is required to document and report failures to the Explorer Program Office
beginning with initid power-up of any flight component or assembly (including criticd GSE).
Reporting isto continue until successful closure by the Principa Investigator's Failure Review
Board (FRB).

In order to ensure that the qudity system is working the way it is intended, the Principa
Investigator is required to plan and conduct audits of his’her internad mission assurance systems
and those of hig’her subcontractors and suppliers, examining documentation (processes,
procedures, analyses, reports, etc.), operations and products. The Principa Investigator is
required to generate and maintain areport for each audit. A summary of al audit findings
should be included in the monthly report.

3.0 —REVIEWS

The Principa Investigator is encouraged to focus resources from the beginning and throughout
the mission development phase on engineering working-level reviews (peer reviews) to identify
and resolve concerns prior to forma, system leve reviews. The Principa Investigator's quaity
system isto track and close-out dl actionsitems identified during these peer reviews to ensure
that issues are resolved promptly at the lowest levels and before system leve reviews. A ligt of
action items/closures for each peer review should be maintained by the Principa Investigator's
quality sysem and made available during system level reviews. Any open action items from any
peer reviews should be addressed a the system level reviews.

Peer Review is defined as a detailed independent engineering design review focused & the
Subsystem and box level, conducted informally with recognized interna or externd experts
having current detailed knowledge of the desgn specidties associated with the item under
review. Primary design documentation, such as drawings, schematics, wiring diagrams, and
andyses are the review vehicles. Its purpose isto substantiate a detailed understanding of the
design’s ability to meet dl of its performance and interface requirements, to surface correctable
problems early, and to ensure best known practices are used that enhance robustness by
avoiding known or predictable problems. Timely, accurate insght, through action item
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documentation and follow-up activities, isvita to the process. For each review awritten record
must be kept of time, place, and attendees.

Upon request, the Explorer Program Office will supply technica expertise as required for
participation in the areas undergoing peer reviews.

Unlike the many informa engineering peer reviews that are required during the project life
cycles, there are two semiforma reviews focusing on requirements and the misson concept.  In
addition, six formd system levd reviews are required to concentrate on 1) critical systems, and
2) end-to-end mission level technicd, safety, riability, flight operations, ground operations, and
programmatic issues. |f warranted, additiona forma reviews may be required for unusudly
complex areas such as safety and/or flight and ground operations. The following represent the
semiforma and formd reviews expected under this program:

*  Requirements Review (Semiformd)

»  Concept Review (Semiformd)

* Prdiminary Desgn Review (Formd)

» Criticd Desgn Review (Formd)

*  Pre-Environmenta Review (Formal)

*  PreShip Review (Formd)

= Operaions Readiness Review (Formal)

* Hight Readiness Review (Formd)

Semiforma and formal reviews are to be conducted by areview panel named by the GSFC
Systems Management Office and the PI, which is independent of the development team. The
Explorer Program Office must be invited to attend al reviews. Copies of the presentation
materias must be provided to the Explorer Program Office for information. Formd reviews are
to be chaired by GSFC's Systems Management Office. It isthe Principa Investigator's
respongbility to address al concerns and action items identified during these reviews.

Included in the above ligt of forma and semiformd reviews is the Operations Readiness Review
(ORR). Thisreview shdl be hed with GSFC to assess readiness, and to document the find
details of the approach agreed to be used for flight operations. The result of this review shdl be

reported at the Mission Readiness Review. The mission operations agreement reached at the
ORR cannot be changed without NASA concurrence.

10
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Independent NASA reviews, including Red Team review activity, and a Confirmation Review
as described in the AO, will dso be conducted. (Independent balloon mission reviews will be
conducted as described in the Balloon SR & QA appendix. A more streamlined design review
processis envisoned for baloon missonsthat are confirmed at Sgnificantly lower budget levels
and/or which dlow multiple flight opportunities. The Explorer Program Office, PI, and Systems
Management Office will agree upon Details of such reviews) Thesereviewswill be
coordinated with the Principa Investigator so that they can coincide with other reviews when
possible. It isthe Principa Investigator's responsihbility to address al concerns and action items
identified during these reviews.

Red Team reviews have recently been commissioned for al NASA/GSFC missons in response
to NASA/HQ direction to assess across dl flight programs the hedlth and thoroughness of
ingtitutiona interna design review processes. The Red Team is a standing body of technica
experts who operate under Center Director authority in accordance with NASA/HQ direction.
They utilize sandardized criteriato independently and objectively rate overdl missonrisk leve
and officidly report it to the Center Director via Program Management Council. Results of
these reviews are considered a necessary basis for proceeding to launch operations.

11
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4.0 SAFETY

4.1 Generd

The Pl is required to plan and implement a system safety program that identifies and controls
hazards to personnd, facilities, support equipment, and the flight system during dl sages of the
mission development, launch, and operations. The program is to address hazards in the flight
hardware, associated software, ground support equipment, and support facilities.

The NASA requirements trandate into a series of specific scheduled ddiverables, whose
nomenclature, relative timing and process flows will differ depending on the seected launch
method: Expendable Launch Vehicle (ELV); or the Nationd Space Transportation System
(NSTS); or Long Duration Bdloons (LDB).  Paragraph 4.2 beow cites the controlling
requirements documentation for ELVs. Paragraph 4.3 cites the requirements that must be met
for NSTS launched payloads. These documents are extremely detailed and NASA expects
them to be implemented by the Pl team to correctly fit each sdected misson. Toasss A
groups with their system safety cost planning efforts, process descriptions and typica processing
flow diagrams, “ Expendable Launch Vehicle (ELV) System Safety Milestones and Process
How” and “National Space Trangportation System (NSTS) System Safety Milestones and
Process FHow” are available in the Explorer Program Library. Paragraph 4.4 cites the
requirements that must be met for Nationd Scientific Balloon Facility (NSBF) launched balloon

payloads.

4.2 ELV Payload Reguirements

The Pl team’s system safety program must meet the system safety requirements stated in the
applicable launch range safety requlation. Thetop level governing documents are: 1) EWR
127-1, “Eastern and Western Range Safety Requirements’; or 2) RSM-93, “ Range Safety
Manud for Goddard Space Flight Center/Wallops FHight Facility”.

4.3 NSTS Payload Requirements

14
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The Pl team’ s system safety program must meet al Space Shuittle safety reguirements imposed
by the Johnson Space Center for NSTS payloads. The controlling safety documents are
(NHB) 1700.7, “ Safety Policy and Requirements for Payloads Using the Space Transportation
System”; and (KHB) 1700.7, “STS Payload Ground Safety Handbook”. The Space Shuttle
Program typicaly requires 3 safety reviews. Proposers are advised that Space Shuttle safety
requirements are particularly strict and may lead to unexpected design changes, additiond test
or andyss requirements, and associated cost increases. Therefore, higher contingency levels
are recommended for Shuttle based missons

4.4 NSBF Requirements

The Pl team’s system safety program must mest the system safety requirements stated in
documents “NASA Baloon Program Nationa Scientific Balloon Facility Payload Safety
Process’ and “NASA Badloon Program Nationa Scientific Balloon Facility Ground Safety
Plan".

4.5 Ground Operations Procedure Approval

The Pl is additionally required to submit, in accordance with an agreed to schedule, dl ground
operations procedures to be used at GSFC facilities, other NASA integration facilities, or the
launch site, for review and approva by NASA. All hazardous operations, as well asthe
procedures to control them, are to be identified and highlighted. All launch site procedures are
to comply with the applicable launch Ste safety regulations.

4.6 Documentation Availability

All of the ELV and NSTS safety documents cited in this AO can be obtained from the following
websites;

http://www.pafb.af.mil/45sw/rangesaf ety/ewr97.htm

Thisisadirect link to the EWR 127-1 document.

http://jsc-web-pub.jsc.nasa.gov/psrp/

Thisisadirect link to the NSTS safety documents.

http://arioch.gsfc.nasa.gov/302/saf ety/

This ste provides links to the requirements for the Wallops Hight Facility and the Pegasus
Launch Vehide4.0— SAEETY

41 Generd

15
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5.0 DESIGN ASSURANCE

5.1 Parts

The developer shdl implement an gppropriate parts program. The program will bein placein
time to effectively support the iterative design and selection processes.

All parts shal be selected and processed in accordance with GSFC 311-INST-001,
“Ingructions for EEE Parts Sdlection, Screening, and Qudification” for Grade 3 qudity level.
The developer shdl control the salection, application, evaluation, and acceptance of dl parts
through a parts control board, or another documented system of parts control.

The developer shdl maintain a EEE Parts Identification List and shdl review proposed parts
with GSFC.

5.2 Materids
The developer shdl implement a Materids and Processes program beginning at Phase B.
Proposed materials and processes shdl be reviewed with the Explorer Project Materids

Conaultant. The developer shdl maintain lists of these items (inorganics and metdlics,
polymerics, lubricants, and processes) and appropriate usage records.

53 Religbility

18
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Early in the program’s preliminary design phase, the Principd Investigator is required to identify
specific rdiability concerns and the steps being taken to mitigete them. Asaminimum, the
Principa Investigator isto conduct Failure Modes and Effects Andyss (FMEA) to a sufficient
level of detail that misson criticd falures are identified and dedt with effectively. Red Team
reviewers will expect a demonstrated understanding of failure modes and effects down to the
subsystem leve of detail. Strong emphasis should be placed on critical single string design
features. Appropriate use of the analyticad tools and techniques collectively known as
Probabilistic Risk Assessment (PRA) will significantly influence NASA’ s find judgement on the
mission’s overd| reiability. These tools can include combinations of FMEA, Fault Tree
Anaysis (FTA), Event Tree Andysis (ETA), Event Sequence Diagrams (ESD), Magter Logic
Diagrams (MLD), or Reliability Block Diagrams (RBD). PRA isasysemdtic, logicd,
comprehensive discipline that periodicaly blends use of these tools to quantify risk and maintain
acurrent state of knowledge about risk of failure. Each individua tool provides agraphic
representation of a complex thought process, which relates causes to outcomes, either from a
deductive or inductive logic reference frame. Used together, the selected tools promote
Stuationa awareness regarding probabilities of unwanted consequences and the magnitudes of

their possible impacts.

It is strongly recommended that the Principa Investigator accumulate severa hundred hours of
error-free operation of the integrated spacecraft and instrument(s) prior to the sart of
environmenta testing.

bbby

The Principd Investigator is required to plan and implement a contamination control program
consstent with the requirements of the misson. The plan should address dll aspects of
contamination control throughout the mission, including trangportation and launch ste
processing. The contamination control plan should be made available to the Explorer Program
Officeif requested.

55 Software
The developer shdl employ a structured program for the development of software. The
program shall address appropriate development life cycle phases such as. requirements andysis,

design, code and unit test, integration and build test, performance verification, and maintenance.
Code produced shdl be structured, error-free, and maintainable.

19
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During the preliminary design process, the developer shdl establish and document software
requirements and any gppropriate externd interface specifications and user guides.

The developer shdl participate in a program of internal and externd software reviewsto vdidate
software requirements, design, operating characteristics, and externa interface requirements.

Software related anomalies on severd recent NASA missions have given rise to new Agency
level policy about software Independent Verification and Vdidation (IV&V). Asaresult of this
new emphags, dl new NASA/GSFC missonswill be required to discuss with GSFC IV&V
advisors the ground and flight software development effort envisioned for the misson. The
purpose of these discussionsisto compare to the planned effort a set of Sandardized criteria
now under development for determining the extent, if any, of 1IV&V that will be required for
each misson. The officid contact person for V&V mattersis William Jackson, phone 304-
367-8215 or email <Jackson @ orion.ivv.nasa.gov>.

6.0 —VERIFICATION

The Principa Investigator is required to conduct a verification program to ensure that the
gpacecraft and indrument(s) meet the specific misson requirements. It is recommended that the
Principa Investigator use the Goddard Space Hight Center’s General Environmental
Verification Specification for STS and ELV Payloads, Subsystems, and Components (GEV S
SE), available from the Explorer Program Office, asatool and a mode to prepare the mission
verification plan and specification. Refer to the Baloon SR & QA gppendix and the “Long
Duration Baloon Opportunities’ documents available in the Explorer Program Library to assst
with verification planning for LDB missons.

The Principal Investigator is required to prepare and submit adequate verification
documentation including a verification matrix, environmentd test matrix and verification
procedures to the Explorer Program Office for review. The ability to assemble complete test
histories from detailed verification records has been proven necessary during recent Red Team
activities, and has been shown to be supportive of the PRA process.

7.0 INDEPENDENT MISSION OPERATIONS REQUIREMENTS

Missions being operated by the Pl independent of NASA must meet the following additiona
requirements. After on-orbit checkout, incident reports must be provided to the GSFC Space
Science Mission Operations (SSMO) Project in accordance with “GSFC Fight Program
Incident Reporting System Guiddines’. Weekly orbitd status summary reports shdl be
provided to SSMO. Itisthe Pl inditution’s responsibility to contractualy ensure the availability
of gpacecraft developer support of anomaly resolution efforts during the misson’s operationd
phase. Structured management approaches to risk management and orbital misson

20



DRAFT

configuration control must be in place during the operationd phase. An annud misson risk
assessment status report shall be provided to SSMO.

21
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Appendix

Guidancefor Proposers of Balloon Missions, Regarding Tailoring of theM I DEX
Assurance Requir ements

1.0 GENERAL INFORMATION

This appendix is a supplement for quidancein tailoring the MIDEX Assurance Requirements.
Henceforth, for sake of digtinction, the “MIDEX Assurance Reguirements’ document will
smply bereferred to asthe MAR. This appendix will bereferred to as the Balloon SR & OA.

It is expected that the Principd Investigator will conform to the MAR document when
addressing safety, rdiability and quaity using specific dternatives addressed in this appendix.
The Explorer Program office dso anticipates that a congderable amount of misson unique
taloring will be implemerted when the MAR requirements are applied to baloon missons. Itis
not the purpose of this appendix to levy additiona requirements on balloon missions but rather,
to ensure those proposas for dl types of missons have an equal opportunity to be sdected.

It is undergiood that balloon missons differ significantly from low Earth orbit missions based on
the environment and duration of asngle flight and aso the posshility of reflight. It isfurther
recognized that Sgnificant differences will exigt in needed environmenta verification and
qudification testing, as compared to longer duration orbitd missons. It isthe intent of the
Explorer Program Office that MIDEX baloon missons will meet an adequate set of
documented SR& QA reguirements, to augment science derived engineering requirements,
therefore increasing the likdlihood of success. Thiswill later be used as the basdine for
measuring adequacy of the sdected investigation's Phase-A effort with respect to mission
assurance.

20  QUALITY ASSURANCE

2.1 Qudity Sysem

During Phase B, the Pl must implement aqudity system. It is desired, but not required, thet this
be based on 1SO-9001. The sysem isto be documented in a quality manud and/or
implementation plan. This qudity system should be based on the flight duration (21 days for
LDB flights), the flight environment and number of required re-flights.

2.2 Workmanship Standards

Same asthe MAR.
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2.3 Misson Assurance Audits and Reporting

Same asthe MAR, Section 2.3. In addition, program management of NASA'’s Long Duration
Balloon missionsis performed by the Baloon Program Office (Code 820) located at the
Wallops Hight Facility. Together with the Nationd Scientific Balloon Facility (NSBF), who
supports baloon launch and flight operations, the Baloon Program Office oversees certain audit
and reporting functions which include but are not limited to:

Completion of the NSBF LDB Hight Application.

Establishing concise and achievable flight success criteria

Insuring gondola structurd certification.

Insuring therma compatibility with NSBF flight systems.

Insuring integration with NASA LDB flight support sysems.

Insuring LDB mission planning that is congstent with established operationd and safety
quidelines.

Review of responses to actions assigned from reviews, as described in the following section.

3.0 REVIEWS

Same as the MAR, Section 3.0. A test plan isreguired in the Criticd Design Review. Baloon
missons could have daborate re-flight or multiple flight plans. These must be reflected in the

test plan.

In addition, the Balloon Program Office will conduct the following independent reviews. These
reviews will be coordinated with the Pl so that they can coincide with other reviews.

Misson Initiation Conference (Semiformd) — This review will be conducted after
submission of the NSBF LDB FHight Application. It will include the Principle Investigator’s
team and representatives from the Explorer Program Office, Balloon Program Office and
the NSBF. Although the feasbility of each candidate misson's requirements will be
reviewed prior to Phase-A, this Mission Initiation Conference will focus upon specific
flight support requirements for the purpose of insuring assgnments and tasks are properly
assigned and being worked toward the program schedul e requirements.

Misson Readiness Review (Formd) — Thisreview is conducted immediatdly after
completion of integration and testing of the P’ s gondola and instrumentation with the NSBF
flight support systems. Thisis a balloon program review required by NASA HO prior to
shipment to the remote launch site. The purpose of this review is to assess the readiness of
the integrated payload (this does not include areview of the merits of the science instrument
or other MIDEX mandated conformance reviews.) Thisreview will focus upon the
readiness and completeness of the science instrument, flight support systems, ground
support systems, and Mission & Operations plans. The objective a the time of this review
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isthat dl systems be integrated, tested, and definitions/ configurations/ certifications are
complete.

Hight Readiness Review (Semiforma) — The Baloon Mission & Operations Management
conducts this review at the launch site. The purpose of this review isto establish that dl
pre-flight readiness preparations are complete and to insure that both science and NSBF
support personnel clearly understand the script for the launch, flight, and recovery

operations.

Pogt Hight Review (Semiforma) — This review is conducted by both the NSBF Mission &
Operations Management and by the NASA Baloon Program Office. It will review al
phases of the NSBF pre-flight support, launch, flight and recovery operations. Solicitation
of Pl comments and recommendations are the main focus of this review.

4.0 SAFETY

The Pl is required to plan and implement a system safety program that identifies and controls
hazards to personnd, facilities, support equipment, and the flight system during al stages of the
mission development, launch, and operations. The program is to address hazards in the flight
hardware, associated software, ground support equipment, and support facilities.

The Pl team’s system safety program must meet the system safety requirements stated in
documents “NASA Badloon Program Nationa Scientific Baloon Fecility Payload Safety
Process’ and “NASA Bdloon Program Nationa Scientific Balloon Facility Ground Safety
Plan.” Bdloon Hight Operations & Mission Safety is managed by the NASA Balloon Program
Office, who will insure compliance in accordance with science misson objectives. These safety
documents are available from Explorer Program Library.

5.0 DESIGN ASSURANCE

5.1 Electrica, Electromechanical, and Electronic (EEE) Parts

Same asthe MAR, Section 5.1 with the following revison.

The Principd Investigator is required to implement an appropriate EEE parts program consistent
with the proposed balloon mission concept for a Smal Explorer misson. A LDB mission will
typicdly belessthan 21 days duration; however, the payload could be retrieved, refitted, and
re-flown severd times. Based on this, high quality commercid / indugtrid grade parts could be
used on a baloon flight provided they are tested, inspected, properly stored and properly
handled.

High voltage components must be operated through the entire pressure range, ground to float,
to insure arcing does not cause latent damage or permanent failures. All parts should be life
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tested based on mission duration and pressure, and thermally tested through the entire balloon
environment range, ground to float. Balloon systems can potentialy impose high gatic dectricity
buildup on the balloon and parachute. Baloon dectronic support and instrumentation sysems
must incorporate proper grounding and shidding to mitigate risks associated with potentid static

discharges.

Asaminimum, life cydethermd tegting should verify that dl sysemswill continue to operate for
the entire flight duration as bounded by nomind therma hot and cold cases and thermd cyding.
And demondrate that al systems will recover and operate successfully after undergoing
predicted thermal extreme hot and cold cases. Any operationa mode that istailored to
accommodate any thermd operationd limitation of the scientific insrument(s) must be indicated
in the test plans and operations plans.

5.2 Materids

Same asthe MAR, Section 5.2.

53 Rdiability

Same as the MAR, Section 5.3 with the following amendments.

Baloon missons are unigue in that payloads are normally recovered in such a condition that
lends itsdlf toward quick refurbishment and reflight. The Principa Investigator is encouraged to
design the payload to survive landing and be capable of reflight. Aswith any flight, thereis
aways the risk of damage to the payload to such an extent as to make quick refurbishment
impossible. To this extent, the Principle Investigator is encouraged to consder the availability of
abackup payload or critica spares. By careful planning and by taking advantage of the multiple
flight opportunities that may become available, for some ingruments, LDB missons can offer an
overal success rate that rivals that of expendable launch vehicles carrying space-rated
ingrumentation.

Balloon payloads do not experience the acoustics/vibration of arocket launch and do not need
to be designed or tested for these. Ingtead, L DB mission specific attributes that should be
factored into every design are risks of high voltage arcing induced by aresidud atmosphere
environment, longer thermd dwell times (day / night / earth abedo), and survivability of
mechanica shock loads during parachute opening and payload impact at the end of each flight.
It isthe Principa Investigator’ s respongbility to test for these.

53.1 Tes Hignt

Principle Investigators are encouraged to fly new baloon borne instruments on a short duration
test flight for the purpose of verifying dl dements of payload and mission operability. However,
ashort duration test flight is not a suitable substitute for thermal-vacuum qudification tests.
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Short test flights cannot be guaranteed to subject the payload to the environmenta extremes that
arelikely to be encountered on aLDB misson.

5.3.2 Themd Qudification

The Principd Investigator is required to provide aplan for implementing environmenta testing
that is gppropriate to hisher misson. Therma-vacuum testing must be conducted in such a
manner as to demondrate not only the therma modd, but dso to provide system qudification.
Thermd qudification testing for balloon missons can be more extreme than thet required for
ELV or NSTS systems because of the dwell times, abedo, etc. Baloons can be subject to
severd hours of daylight recelving direct solar and reflected (dbedo) radiation. The night time
environment can last severd hours which includes not only cold sky, but dso contribution from
cold cloud tops, albedo, etc.

As part of Phase B, the Principle Investigator must provide a detailed therma andysis. Inturn,
the NSBF sthermd andyst will use this information to insure close-coupled NSBF flight
support sysems are operating within proper limits and to insure the PI’ s instrument is not
adversdly affected by NSBF support systems. Principle Investigators are advised to schedule
the sarvices of atherma anadys from the beginning through the find design configuration phase
in order to be reponsive to addressing configuration changes that might arise during the

deve opment, fabrication, and integration phases.

Thermd “Worgs Case” limits for nomind (operationd limits) and maximum (surviva limits) for
articles exposed to both earth and sky are listed below. These are provided only to lend an
appreciation for the possble extreme therma environment that may be encountered. For
example, cloud top temperatures for typhoons can expose the payload to —90C temperatures
for ardatively short period. But the nomind cold extreme is—65C. Depending upon the terrain
over which the baloon isflying, cold limits for any particular night may be warmer than those
listed here. Conversdly, high abedo during daytime can expose parts of the payload to +55C.
But nomina upper limits are +40C or less. Passve and/or active therma controls may be
required in order to operate under these conditions.

- For aticles exposed to externa ambient

Cold Case Temperatures. Operationa down to —65C (nighttime)
Survive down to —90C (2-hour duration)

Hot Case Temperatures: Operational up to +40C (daytime)
Survive up to +55C (2-hour duration)

- Unique CasedSpecidty Hardware
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Photo Valtaics (PV) should operate up to +75C and survive up to +90C. Higher ratings
for photo voltaics are due to the solar orientation and the color/materid absorptivity
properties. Designs must account for therma emissions off the backsdes of PV cdlls.
Similarly, any other unique materid properties have to be evaluated on aper case basis as
the above limits are stated only to provide for genera planning consideration and not as
absolute limits for dl cases.

The balloon payload environment is close-coupled with earth albedo. Because of the wide
latitude in payload geometry, attitude control, packaging, coatings, modes of operation, and
various thermal control options, balloon payload designs must be tailored based upon each
mission’s requirements and congraints. For approved LDB missons, the NASA balloon
program will assist with providing environmenta data, for a particular flight scenario, for usein
thermd andysis.

5.3.3 Random Vibration/Shock Tests

In flight, balloon payloads will not experience the vibration levels encountered on ELV or NSTS
missons. However, Principle Investigators must provide documentation of test methods and
results and/or ingpections, practices and records, which clearly demondrate the mechanica
integrity of wiring, circuit boards, and mechanica assemblies. Essentidly, thisisa* proof of
workmanship” verification. Low-levd three-axis random vibration testing at sub-system levels
may be consdered as an acceptable means for verification. However, the Balloon Program
Office imposes no standards for vibration testing.

Typicaly, prior to flight, the mogt severe mechanical shock |loads experienced by baloon
payloads are those encountered during shipment, particularly over-the-road. Along with overdl
payload design condderations, the Pl must plan for proper shipping containers that will be
accommodated by commercial carriers. Shipping includes over-the-road, sea, and turbo-prop
ar transport. Handling by NSBF at the launch site is normdly a smooth trangtion from the
payload preparation facility to the launch ste. However, track-whed vehicles are amaingay
support vehicle used with NSBF Antarctica flight operations.

At the end of the flight, shock |oads associated with parachute opening and payload impact on
the ground are the most severe mechanical loads associated with any bdloon flight. The NSBF
has established mechanicd certification criteria, which is available as an appendix to the LDB
Hight Application Form that can be obtained off the NSBF web Ste at

http://master.nsbf .nasa.gov/pub/ldb-fy2000.pdf. This requirement stipulates a 10g structurd
loading requirement at the gondola vertical suspension point and 59 off-axis horizonta loading.
Albait these requirements are established for gondola structures, but when planning for the
contingency of aquick turnaround of the payload for possble reflight, designers are advised not
to reduce these load requirements when applying how they trandate back into their design of
internal component shock load integrity for such items as circuit boards, gimbd mountings, cable
harnesses, connectors, €tc.
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5.4 Contamination

Same asthe MAR, Section 5.4.

5.5 Software

Same asthe MAR, Section 5.5.

6.0 VERIFICATION

The Principa Investigator is required to conduct a verification program to ensure that the
gondola and instrument(s) meset the specific misson requirements.

The Principd Investigator is required to prepare and submit adequate verification documentation
including a verification matrix, environmenta test matrix and verification procedures to the
Explorer Program Office for review.
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Part 2

MIDEX Assurance Guidelines
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PREFACE

This MIDEX Assurance Guiddines (MAG) document provides guiddines and
recommendations for eements of qudity assurance that are important to consider in any space
flight assurance program. These guiddines are provided to assst potentid developersin
estimating the cogt of their expected assurance efforts and to assst development of their own
SAfety, Rdiability and Quaity Assurance (SR&QA) system.

This document aso provides abass and context for understanding any associated MIDEX
requirements defined in Part 1, GSFC-410-MIDEX-002, “MIDEX Assurance Requirements
(MAR)”. The MAG and MAR are mission specific companion documentsto be used in
conjunction with the generic ANSI/ASQC 9001-1994 Quadlity Systems Modd to provide a
properly tailored, comprehensive SR& QA management system for MIDEX.

It is GSFC' s experience that control of processes, intelligent selection of parts and materids,
and thorough testing at dl levels of assembly significantly increase the chance of success.
Deveopers will be given sgnificant flexibility in developing and taloring their overal quality
system, and should carefully consider the experience summarized by this document.
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Overview

11 OVERVIEW

Responghility for implementation of the program defined in this document varies according to
the mission implementation mode, i.e., NASA-provided spacecraft or Principd Investigator (P1)
mode, and leve of hardware provided (complete flight system, spacecraft, insrument,
component, etc.). However, each MIDEX mission, spacecraft, and instrument hardware
developer should plan and implement an organized Safety, Reliability and Qudity Assurance
(SR&QA) Program in accordance with the guidelines of this document that encompasses flight
hardware, software, and ground support equipment.

In accordance with NASA Headquarters policies for Medium-class Explorers, a payload
classfication per NMI 8010.1A isnot being used for MIDEX. This should permit tailloring of
the SR& QA requirements to the I SO9001 series standards and any other mission assurance
guidelines and requirements appropriate for the level of risk for aprogram of this scae.

1.2 USE OF MULTI-MISSION OR PREVIOUSLY DESIGNED, FABRICATED, OR
FLOWN HARDWARE

Deveopers may choose to use previoudy designed, fabricated, or flown hardware without
necessarily repeating dl the tasks required for origind qudification. Such hardware should have
demongtrated compliance by way of previous flight or multi-mission history and should comply
with the environmenta reguirements of the misson. Maintenance of origind documentation is
criticd in the re-use of qudified hardware.

1.3 SR&QA VERIFHCATION

It is recommended that the devel oper, together with GSFC, periodicaly vaidate the
developer’soverdl SR& QA program. The intent of these vaidations should be to inform the
developer, technical officer, Fight-Systems Assurance Manager (FAMSAM), P, and/or the |
project, of potentia problems, questions, or concerns. 1f necessary, the devel oper, upon

request, should provide GSFC or designated assurance representatives, with assurance and

safety documents, and access needed to support these assurance and safety activities

1.4  REFERENCED DOCUMENTS (Exhibit A)

Documents referred to in this guiddines package are summarized in Exhibit A, which dso
provides information on where the documents may be obtained. The listed documents are
provided for guidance. The extent of applicability of each document is described in the
associated paragraph(s) listed in Exhibit A.
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15  GLOSSARY (Exhibit B)

Exhihit B defines terms used in this document.
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Reviews

21 GENERAL

The objectives of the MIDEX review program are to:

assure that the spacecraft, instrument(s) and supporting designs are consistent with
the misson objectives

assure that the characterigtics of the systems are carefully examined to develop the
best approach consstent with existing congtraints and available resources

provide means of periodic evauation of the hardware, software and ground support
agang misson criteria

assure that end-item deliverables (systems and subsystems) meet the MIDEX
requirements for performance, schedule and cost

Accordingly, the developer should plan and implement an gppropriate review program.
Refer to Part 1 for the MIDEX project requirements.
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Verification

31

32

GENERAL

A verification program should be conducted to ensure that the spacecraft, where produced
separately from scientific insrument hardware (science payload), and the instruments themselves
meet the specified misson requirements. The governing philosophy for MIDEX isthat a
complete and thorough verification program covering the component and assembly levd is
absolutely essentid to achieving the compressed integration and test program needed to control
cost and schedule, while providing confidence that al mission requirements have been met. The
verification program should consist of a series of andyses, functional demongtrations, physica
property measurements, alignments, calibrations, tests (performance and environmenta),
gamulations, etc., that combine to demonsirate compliance with hardware/software engineering
gpecifications derived from misson requirements.

ENVIRONMENTAL TEST PROGRAM

All flight hardware should be subjected to an environmentd test program sufficient to
demondtrate design quaification and to test for workmanship. Functiond testing should be
performed before, during, and after certain environmental tests, as gppropriate.

The Generd Environmentd Verification Specification for STS & ELV Payloads, Subsystems,
and Components (GEV S-SE) may be used as a guide for developing the environmenta test
portion of the verification program. Alternative methods that demonstrate compliance with
mission requirements while integrating adequate safety margins could aso be used.

Prototype and protoflight hardware should undergo appropriate qudification tests to
demongtrate compliance with the design requirements. Hight, flight spare, follow-on, and re-
flight hardware should undergo flight-like acceptance test levels.

The following tests are recommended as a basdline for MIDEX; specific requirements for each
MIDEX spacecraft, instrument and component will be negotiated by the MIDEX Project at
GSFC. Functiona tests should be performed before, during, and after tests as appropriate.

Spacecraft

Strength (dtatic or quasi-gtatic), Low level (Pogo) Sine Vibration, Random Vibration,
Acoustics, EMI/EMC, Thermd Vacuum/Therma Balance, Mass Properties, Deployment
(where applicable), Magnetics (where applicable). Acce erometers should be mounted on the
hardware to document the vibration exposure experienced during test. Repeated functional
tests should be used to demondrate the growing maturity of spacecraft subsystems, and to
basdline performance status before each environmentd test. Several comprehensive
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34.1

34.2

performance test demongtrations should be performed to verify full misson hardware
compliance, compatibility, and operability.

I nstruments and Components

Sine Vibration, Random Vibration, Strength, EMI/EMC, Thermd Vacuum/Therma Baance,
Mass Properties, Acoustics (where gpplicable), Deployment (where applicable), and Magnetics
(where gpplicable). Functiona tests are dso congdered avitd part of the verification program
a these levels of assembly.

The GEV S-SE document described above is auseful guide for the design of these tedts.

DEMONSTRATION OF FAILURE-FREE OPERATION

At the conclusion of the verification program, instruments and spacecraft components should
have demonstrated a period of falure-free operation. This benchmark is usudly 100 hours of
falure free operation. The demonstration may be performed at the subsystem level when the
time period of demondtration cannot be practically accomplished at the system leve of
assembly. Failure-free operation during the therma-vacuum test is often included as part of the
demondtration. Mgor hardware changes during or after the failure-free period are usualy taken
to invaidate any previous demongration.

VERIFICATION DOCUMENTATION
Verification documentation should provide the following informetion

- Anovedl veification gpproach

- Engineering requirements flowdown and basis for verification method (test or andysis)
- Tracking of accomplishments of tests and andyses againgt those planned

- Definition of specific environments for each test

- Advanced planning details of each test

Sections 3.4.1 through 3.4.4 describe the forms of documentation normally used to provide
thisinformation. Any proposed aternative form that provides this information should also be
acceptable. Use of existing documentation practices or systems is encouraged.

Veification Matrix

The developer should have a verification matrix or equivaent system that shows the flowdown
of requirements and the method of verification.

Environmental Test Matrix
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343

344

The hardware developer should have an environmental test matrix or equivaent that
summarizes dl tests that will be performed, showing the test and the level of assembly. Tedts
on engineering mode s performed to satisfy qudification requirements should be included in this
matrix. This matrix could be combined with the verification matrix on acommon database.

The environmentd test matrix should be current and should be available a the flight assurance
and project reviews.

Environmentd Verification Specification

A verification specification is normaly prepared, to define the specific environmenta
parameters associated with the planned environmenta tests. Payload peculiarities and
interactions with the launch vehicle should be considered in defining these environmenta
parameters. These specid interactions may include subjects like detuning of resonances,
EMI/EMC effects, pyrotechnic firing disturbances, etc.

Verification Procedures
Detailed (step-by-step) verification procedures should be prepared for each test and analysis.

The developer should maintain as-run verification procedures, aswel asdl test and andyss
data
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System Safety

4.1 GENERAL
Launch stes require verification of compliance to specific safety requirements. Accordingly, the

developer should plan and implement an gppropriate system safety program. Refer to Part 1 for the
MIDEX project requirements.
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EEE Parts Control

5.1

5.2

GENERAL

The sdection and use of partsisamgor contributor to the quaity and rdiability of space flight
hardware. This section provides recommendations that, based on GSFC experience, are
congdered important for agood parts program. The developer should establish a parts
program congstent with this section.

For effective use of partsinformation, it is strongly recommended that the developer use a
qudified parts engineer, especidly during those periods when designs are being developed and
parts are being selected. Direct interaction with designers dlows for effective use of judgment in
congdering known parts problems, parts falure modes, determining between commerciad and
specid parts, parts availability, risks and benefits of new parts, screening, test, and burn-in
methods, etc.

Review of the proposed parts with the Explorer Project at GSFC can make NASA
experience available to the developer and o better ensure acceptability for space flight
use.

EEE PARTS SELECTION

In generd, al parts should be salected and processed in accordance with GSFC 311-
INST-001, “Ingtructions for EEE Parts Sdection, Screening, and Qudification” for
Grade 3 qudity level. Asan additiond ad in sdecting parts for MIDEX hardware, the
following guiddines are offered. Parts selected and procured as specified below are
considered acceptable by the Explorer Project at GSFC.

a Partslisted in the GSFC Preferred Parts List (PPL), or the NASA Standard
Electrical, Electronic, and Electromechanica (EEE) PartsList (NSPL), MIL-STD-
975. Where differences in requirements exist between the PPL and the NSPL, the
PPL should take precedence. Parts should be procured in accordance with the
appropriate specification designated for that part.

b. MIL-M-38510, Class B or better microcircuits procured from a Qualified Products
List (QPL) supplier. PIND testing is highly recommended.

C. MIL-1-38535, Class Q or better microcircuits procured from a Qualified
Manufacturers List (QML) supplier. PIND testing is highly recommended.

d. MIL-H-38534, Class H or better hybrid microcircuits procured from a Qualified
Manufacturers List (QML) supplier.
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e Standard Military Drawing (SMD) microcircuits procured from an authorized
supplier asliged in the SMD. It is strongly recommended that microcircuits procured
to SMD's be subjected to PIND testing in accordance with section 5.5.

f. Microcircuits compliant with paragraph 1.2.1 of MIL-STD-883 and procured from
manufacturers having QPL or QML satusfor parts of the same technology. Parts
procured from manufacturers without QPL or QML status should be procured with
lot specific or generic Group C Quality Conformance Inspection (QCI) datawithin
one year of the ot date code of the parts being procured. MIL-STD-883 compliant
microcircuits should be subjected to PIND testing in accordance with section 5.5.

o] Manufacturers in-house high reliability processed parts provided al screening tests
listed in Appendix C of the PPL have been satisfied. The high reiability process
flow should be that formally documented by the manufacturer in cases where
changes would require arevison to the flow documentation. Tests not included in
the manufacturer's high rdiability flow must be performed by the manufacturer, an
independent test facility, or by the developer. Parts procured in this section should
be procured with lot specific or generic Group C Qudity Conformance Ingpection
(QCI) data within one year of the lot date code of the parts being procured. If not
included in the manufacturer's high rdiability test flow, the parts should be subjected
to PIND testing in accordance with section 5.5.

h. MIL-S-19500, JANTX, JANTXV and JANS semiconductors procured from a
QPL listed supplier. It is preferred that semiconductors be procured to JANTXV
leve or better. Any semiconductor that has an internd cavity should be subjected to
PIND testing in accordance with section 5.5.

I Egtablished Reiability (ER) passive components procured from a QPL listed
supplier for the gppropriate military specification. Only ER parts within the minimum
and maximum value ranges specified in the PPL should be considered acceptable.

J- Parts procured to a GSFC S-311 specification from a GSFC approved source.

5.2.1 EEEPARTSIDENTIFICATION LIST (PIL)
The developer in accordance with the developer’ s configuration control system should maintain
an EEE Parts Identification Ligt (PIL). Maintenance of thislist in acomputer competible formis
recommended.
The PIL normally is compiled by component and includes information such as: part number, part

name, manufacturer, manufacturer's generic part number, specifications, quantities, lot date
code, and part use locations to the subassembly levdl.
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5.3

531

OTHER PARTS

Any parts not meeting the criteria specified in section 5.2 should be sdlected and controlled in
accordance with sections 5.3.1 through 5.3.5.

EEE Parts Control and Approval

The developer should document the selection, gpplication, evauation, and acceptance of parts
selected from other than the sources defined in section 5.2. The use of a developer parts
control board is recommended as a mechanism to document and accomplish parts selection,
acceptance, qudification, etc.

5.3.1.1 EEE Parts Specifications

532

533

Deveoper controlled procurement and screening specifications should be prepared for dl parts
in this category. These pecifications should fully identify the item being procured and should
include physicd, dectrica, and environmentd test requirements and qudity assurance provisons
necessary to control manufacture and acceptance. Screening requirements designated for the
part can be included in the procurement specification. They should specify test conditions,
falure criteria, and lot rgjection criteria. For lot acceptance or regjection, the Percentage of
Defectives Allowable (PDA) in a screened lot should be in accordance with that prescribed in
the closest military part specification.

EEE Parts Screening

All parts selected should receive 100 percent screening in accordance with GSFC 311-INST-
001, “Ingructions for EEE Parts Sdection, Screening and Qudlification”. The Grade 3 quality
level should apply. Parts sdlected in accordance with 5.2 herein are considered to have met the
requirements of 311-INST-001, except for PIND testing which is strongly recommended as
specified above. The devel oper need not repeet tests performed by the manufacturer. If parts
are not procured by government controlled specifications, the required screening should be
specified in the devel oper’ s Source Control Drawings used to procure the parts to assure
testing is performed by the parts manufacturers. Otherwise, the developer should arrange for
the gppropriate screens to be performed after receipt of the parts.

EEE Part Qudification

Qudification testing should not be required unless deemed necessary as a result of part failure
history, GIDEP Alerts, or anew technology part with no flight history. If needed, the primary
part qudification should consst of ether the manufacturer’ s lot specific or generic QCI test data
within one year of the ot date code of the procured parts. The test data should be procured
with the parts and reviewed for acceptability by the developer. If QCI datais not available, a
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5.34

535

5.4

5.5

5.6

5.7

lot specific steady State life test in accordance with MIL-STD-883, Method 5005 should be
performed. The minimum sample size for life testing should be 12 pieces.
Hybrid Microcircuits

Hybrid microcircuits should be designed and procured in accordance with MIL-H-38534,
Leve H. Any hybrid not fully conforming to MIL-H-38534 should receive Destructive Physical
Analysis (DPA) in accordance with section 5.4.

Magnetic Devices

Sdlection and gpprova of magnetic devices should be in accordance with the applicable military
specification. Materids used in the manufacture of magnetic devices should be consistent with
any program requirements for outgassing.

DESTRUCTIVE PHYSICAL ANALYSIS (DPA)

Except as otherwise specified in section 5.3.2, a DPA should not be required unlessit is
deemed necessary as indicated by failure history, GIDEP Alerts, or other smilar concerns. If
DPA isneeded, GSFC S-311-M-70, Destructive Physica Analysis Procedures can be used to
define DPA tests, procedures, sample sizes, and acceptance criteria

PARTICLE IMPACT NOISE DETECTION (PIND) TEST

It is strongly recommended that al microcircuits and semiconductors with an internd cavity and
a package style other than ceramic dud in line packages be subjected to PIND testing in
accordance with 311-INST-001. PIND testing should be performed by the manufacturer as
part of the screening flow or by the developer after receipt of the parts. Lot jeopardy is not
recommended. However, any lot exceeding 25 percent PIND failures should receive particle
capture and analysis to identify the particles conductive properties. Acceptance or rejection of
these lots should be based on the result of the andysis

DERATING

All parts should be used in accordance with the derating guidelines specified in GSFC PPL,
Appendix B or equivalent devel oper procedures.

PARTS AGE CONTROL

Parts drawn from controlled storage more than 7 years after the last full screen should be
subjected to afull rescreen and sample DPA. (For increased reiability, GSFC normally
rescreens parts after 5 years of sorage.) Reduced testing such as Product Verification Testing
(PVT) or sample screening could be performed instead if it is deemed adequate for the
particular part type. Parts stored in uncontrolled conditions where they were exposed to the
elements or sources of contamination should not be used.

54



EEE Parts Control

5.8

5.9

RADIATION HARDNESS

All parts should be selected to meet the mission gpplication in the predicted radiation
environment. The radiation environment consists of two separate effects, those of Totd lonizing
Dose (TID) and Single Event Effects (SEE). Each part should be anayzed with respect to both
of these effects. Additiond radiation testing is sometimes necessary to properly quaify parts.
The Explorer Project at GSFC can offer to any MIDEX participant the benefit of cumulative
parts radiation testing database information, as well as assstance in predicting radiation severity,
for parts selection purposes, of selected or candidate orbital geometries.

ALERTS

The Explorer Project at GSFC can provide the devel oper with selected Government Industry
Data Exchange Program (GIDEP) Alerts and Safe-Alerts that document problems with parts,
materias, processes and safety. Typicaly, these derts ded with specific vendors, model/part
ID numbers, date codes, and serial numbers. Thisis afundamental reason that Parts
Identification Lists (PILS) are strongly recommended, and that the level of configuration detall is
critical. With thisinformation, it can be immediately determined whether an dert is gpplicable to
MIDEX, or more commonly, provide confidence that it is not.
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6.1

6.2

6.2.1

6.2.2

6.2.3

6.2.4

GENERAL

The developer should implement a Materids and Processes (M& P) Program beginning at the
design stage of the hardware. The program can help ensure the safety and success of the
mission by the appropriate selection, processng, ingpection, and testing of the materias
employed to meet the operationd requirements for MIDEX.

Review of the proposed materials and processes with the Explorer Project at GSFC can make
NASA experience available to the developer and so better ensure acceptability for space flight
use.

MATERIALS SELECTION

In order to anticipate and minimize materids problems during hardware development and
operation, the developer, when sdecting materids, should consider potentia problem aress.
Some of these are radiation effects, thermal cycling, stress corrosion cracking, galvanic
corrosion, hydrogen embrittlement, lubrication, contamination of cooled surfaces, composite
materids, aomic oxygen, useful life, vacuum outgassing, toxic offgassing, flammakility and
fracture toughness. Specific selection guideines are discussed below.

Inorganic and Metalic Materias

The criteria specified in MSFC-SPEC-522B can be used to determine that metdlic materias
meet Stress corrosion cracking criteria. Table | materials are strongly preferred. The proposed
use of Table Il and Table 1l materias should receive careful consideration and should be
discussed with the Explorer Project at GSFC.

Polymeric Materids

Because of low temperature related damage concerns during test and on-orbit operation, it is
strongly recommended that Uralane products be used for conforma coating applications instead
of Solithane. Uralane does not experience glass trangition at common operating temperatures
S0 it does not unduly stress the materidsit coats in the way that Solithane can.

Lubrication

L ubricants should be selected for use on the basis of the specific application, including
compatibility with the anticipated environment and contamination effects. NASA TM 82275
and 82276 are available for guidance in seecting lubricants and ball bearings.

Hammability

Congderation of materia flammability should be a criterion for materids sdection. (For_Space
Shuttle payloads the consider ation of material flammability is mandatory.) GSFC
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6.2.5

6.2.6

6.2.7

materias flammability database information and consultation will be provided on request. The
chief focus on flammability as a materids consideration should be on externa and uncontained
surfaces such as blankets or coverings (base materid plus coating materiads combined behavior)
and ther relaive proximity to possible ignition sources of either dectricd, chemicd, or
mechanicd origin.

Vacuum Outgassing

If materia vacuum outgassing data is needed, it should be determined by testing in accordance
with ASTM E-595 to ensure compatibility with other spaceflight evaluation data bases. In
generd, amaterid is qudified on a product-by-product basis. Lot testing may be appropriate
for any materia for which lot variation is suspected. Normaly, only materias that meet the
criteriaof ASTM E-595 [i.e., have atotd massloss (TML) <1.00 percent and a collected
volatile condensable mass (CVCM) <0.10 percent] are used for space systems unless
goplication condderations dictate otherwise. These levels should serve as the basdine for
MIDEX; however, misson specific targets should be established when actua system
architectures are better defined. Information on many materidsis avallable in "Outgassing Data
for Selecting Spacecraft Materiads," NASA Reference Publication 1124, Rev 3, Goddard
Space Flight Center, Greenbelt, Maryland, November 1993.

Sdf-Life-Limited Materids

Polymeric materids that have alimited shelf-life should be controlled to prevent use beyond
expiration dates. Important items include the start date (manufacturer's processing, shipment
date, or date of receipt, etc.), the storage conditions associated with a specified shelf-life, and
expiration date. Materials such as o-rings, rubber sedls, tape, uncured polymers, lubricated
bearings and paints should beincluded. The use of materias whose date code has expired
usualy requires demonstration by means of appropriate tests that the properties of the materids
have not been compromised for their intended use. When alimited-life piece part isingaled in
a subassembly, the subassembly item should be included in the Limited-Life Ligt, section 7.4.

Fasteners

To limit potentid fastener problems, especialy in critica aress, the developer should comply
with the procurement documentation and independent test requirements for flight hardware and
critical ground support equipment fasteners contained in GSFC S-313-100, "Goddard Space
Flight Center Fastener Integrity Requirements' or equivaent measures described in devel oper
internal documentation:

In generd, single point failure fasteners should be obtained from GSFC approved
manufacturers and with the manufacturer’s materid test reports; be 5mm in diameter or
larger, and be subjected to screening tests independent of the manufacturer (visud,
tensle, 100 percent NDE, 100 percent hardness, and 100 percent dimensional)
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6.3

6.4

6.4.1

6.4.2

Redundant load path fasteners 5mm in diameter or larger can be procured from any
responsible manufacturer or distributor with the manufacturer’ s materia test reports.
These fasteners should be subjected to independent lot sample screening tests (visud,
tensle, and dimensiond)

Fasteners less than 5mm in diameter need no manufacturer’ s test reports and need only
be independently screened for visual defects.

Refer to S-313-100 for specific details including those for rivets and other specia
fasteners.

Fasteners made of plain carbon or low aloy sted should be protected from corroson. When
plating is specified, it should be compatible with the space environment. On stedls harder than
RC 33, plating should be gpplied by a process that is not embrittling to the stedl.

PROCESS SELECTION

Manufacturing processes (e.g., lubrication, heet treetment, welding, chemica or metdlic
coaings), should be carefully selected to prevent any unacceptable materia property changes
that could cause adverse effects on materias applications.

PROCUREMENT

Purchased Raw Materids

Each lot of raw materias purchased by the developer should be accompanied by the results of
nondestructive chemica and physical tests specific to thelot. The developer should maintain

these data.

Raw Materids Used in Purchased Products

The developer should require that the supplier meet the recommendations of section 6.4.1 and
provide, on request, the results of acceptance tests and anayses performed on raw materids.

6.5 GIDEPALERTS

The developer should keep materias sdlection and usage records sufficient to determine
applicability of any Government Industry Data Exchange Program (GIDEP) derts rdated to
materials used for MIDEX.

6.6 MATERIALS AND PROCESSLISTS
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The developer should maintain lists of inorganic and metdlic materids, polymeric maerids,
[ubricants, and processes to be used for MIDEX. The equivaent GSFC forms 18-59A, B, C,
and D define information considered important. The developer may wish to have one master
materias usage lig to include this information. It is recommended that the list(s) be maintained
in acomputer compatible form.
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71

7.2

7.3

74

GENERAL

The developer should include réliability considerations as part of the design process. This
should begin at the earliest stages of the program.

DESIGN TRADEOFFS

Desgn tradeoffs should address rdiability congderations, including evauation of dternative
designs, functional redundancy, etc.

Absolute system or component rdliability estimates may not be needed for MIDEX. However,
in evauating the reliability of two or more competitive system level designs, a comparison of the
relative numericd rdiabilities, derived usng consstent methodology and data, is highly
recommended for interna use. Consistent methodology and data should be used so that the
relative magnitudes of each result can be compared.

RELIABILITY CONCERNS AND MITIGATIONS

Early in the program, the developer should identify specific reliability concerns and the steps
being taken to mitigate them. The andlysis of likely failure modes may not be needed. Asa
minimum andysis effort, the Developer should conduct a Failure Modes and Effects Andysis
(FMEA) at the interface level between the instrument and spacecraft. The Developer may, if
necessary, seek assstance from the MIDEX Project.

LIMITED LIFEITEMS

Limited life items should be identified on alimited life list. Thelist should incdlude the expected
life and the rationde for the sdlection of each item. Limited lifeitemsinclude dl hardware that is
subject to degradation due to age, operating time, or cycles, such that its expected useful lifeis
less than twice the required life, when fabrication, test, storage, and mission operation are
combined. The developer should maintain arecord of total operating times for these items.
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8.1

8.2

GENERAL

For past Explorer missions, the Project Office at GSFC has dways identified detailed quaity
sysem (SPAR, PAR) requirements and specified precisaly how they were to be accomplished.
In an effort to remove non-vaue-added requirements, and to emphasi ze the use of existing
commercid practices and standards, NASA has committed to trangtioning its quality assurance
policy to dign with the International Organization for Standardization (1SO) 9000 standards.
These standards provide a good checklist of what is needed for a quaity program, but alow
sgnificant flexibility to the developer in determining which requirements actudly apply and how
they areimplemented. Thisdlowsfor the use of asingle generic qudity system a auniversity or
commercid firm that is not specificaly or exclusively tied to the Explorer Project at GSFC.

This gpproach, combining devel oper flexibility and respongbility, is consdered appropriate for
the kind of teaming efforts that will be formed for MIDEX. It dso putsthe NASA and
universty communities in sep with internationaly accepted methods of qudity management,
which will facilitate future commerce in the aerogpace industry for NASA and Pis. Eventudly,
visble and tangible compliance with 1SO 9000 standards will become a prerequidite for entry
into the competitive market place.

Accordingly, the basdine quaity system for MIDEX should be the United States
implementation of 1SO 9000 as defined by ANSI/ASQC Q9001-1994. It isintended that this
will alow the developer grester control over the quality system and the ability to concentrate on
vaue-added qudlity activities.

As part of Phase B activities, the developer should define and implement a quality system,
based on ANSI/ASQC Q9001-1994 that properly encompasses MIDEX flight hardware and
software. Complete and immediate compliance with this slandard may not be possible, but a
workable system crested aong these lines isimportant.

QUALITY MANUAL

To facilitate development or definition of the quaity system, a Qudity Manud should be
completed during Phase B. This should be a brief, top-level management system document that
indudes the following:

1) Introduction (title, scope, table of contents, and organization introduction).

2) The qudity policy and objectives of the organization.

3) Description of the organization, responsibilities, and authorities (with or without a
flowchart).

4) A destription of the dements of the qudity system.
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831

8.3.2

If requested, The Explorer Project at GSFC can provide informa working level assstance for
interpreting the ANSI/ASQC Q9001-1994 requirements for MIDEX and for development of
the Qudity Manud.

QA SYSTEM AUGMENTATION
Workmanship Standards

Paragraph 4.9, Process Control of ANSI/ASQC Q9001-1994, should be augmented to
include the use of severd commercid specifications and NASA handbooks, as gppropriate, in
procurement and fabrication activities. These documents define appropriate workmanship
standards:

ANSI/JSTD-001 (or NHB 5300.4(3A-2)) for high reiability soldering of eectrica
connections. This should include the agpplicable standards ANSI/J-STD-002 through -006 as
needed

NHB 5300.4(3G) for interconnecting cables, harnesses, and wiring

NHB 5300.4(3H) for crimping

NHB 5300.4(3J) for conformal coating and staking

IPC-D-275 (or NHB 5300.4(3K)) for design of printed wiring boards and assemblies

EIA-625 (or NHB 5300.4(3L)) for ESD control

In addition, printed wiring boards should be procured and fabricated in accordance with
ANSI/IPC RB276 (Class 3) and GSFC S-312-P-003. Printed wiring board coupons should
be provided to the Explorer Project at GSFC, or to a GSFC approved laboratory, for
evauation. In ether case, the pecimen preparation (potting, polishing, baking, etc.) should be
done in accordance with GSFC practice guiddines. Evaluation results should be based on a
conservative interpretation of ANSI/IPC RB276 (Class 3) and GSFC S-312-P-003
acceptance criteria. The bagis for this recommendation is that past and present GSFC missons
have experienced a Sgnificant pattern of bare printed wiring board interna trace to barrel plating
bond failures, too often uncovered after population with flight parts, usualy during
component/system level environmentd testing or during integration and test. These defects are
readily detected and screened out at the bare board level, where the cost and schedule impact
isminimal. As such, no boards should be populated prior to completion of the coupon tests.
Schedules should dlow for time, generdly 2-3 weeks, to accomplish these eva uations.

Failures
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Paragraph 4.13.2 of ANSI/ASQC Q9001-1994 should be augmented to define failure
reporting system needs.

Any departure, or suspected departure, from design, performance, testing, or handling
requirements that affects the function of flight equipment should be immediately documented.
Failures in ground support equipment which interfaces with flight equipment aswell as any other
malfunction that could compromise mission objectives should be immediately documented.

Failures (departures from requirements discovered in the functioning or operating of hardware
or software) should be documented. Formad, interna reporting of failures should begin with the
first power application at the lowest level of assembly or the first operation of amechanica item.
Failures should be reported to the Explorer Project at GSFC as required by the MIDEX
Project Office.

REWORK
The possbility of adverse effects on hardware and rdiability should be considered prior to

initiating any rework efforts. For example, case by case reviews of solder connections have
demonstrated that rework solely for cosmetic reasonsiis frequently counter productive.
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9.1

9.2

9.3

GENERAL

The contamination requirements baseline for MIDEX should be taken to be that sysemswill be
assembled in clean and orderly work areas, normally defined as class 300,000 aress, unless
more stringent requirements are needed and identified. (Space Shuttle Payloads may have more
stringent requirements imposed upon them.)

The developer should identify contamination requirements and establish and maintain a
contamination control program consstent with these and mission requirements. Contaminants
are defined as those materids, elther at amolecular or particulate level, whose presence
degrades misson performance. The source of these contaminants may be the hardware itsdlf,
the test facilities, or the environments to which the hardware is exposed.

It is suggested that the devel oper's program first define the specific cleanliness requirements
needed and then st forth the gpproaches to meeting them. The program should then implement
the control and monitoring activities specified by the gpproaches. The program should be
documented by a Contamination Control Plan (CCP), or other equivaent means.

CONTAMINATION ALLOWANCE OR TARGET

Asabadsfor contamination control activities, the developer should establish a contamination
alowance, or target, for performance degradation of any contamination-sengtive hardware such
that, even in the degraded state, the hardware will meet an acceptable level of its misson
objectives. The contamination alowances should be established initidly, to the extent possible,
during the early design phase in preparation for the PDR and should be updated as needed.

CONTAMINATION CONTROL

The developer should delineate the measures to be taken to ensure that the contamination
alowances established under section 9.2 are not exceeded. These measures could include
ingpections, tests, and andyses (including associated implementing and controlling
documentation) for measuring and maintaining the levels of deanliness required during the
various phases of the hardware life.

The developer should identify contamination controls to be exercised during applicable bake-
outs and in the preparation of the therma-vacuum chamber and the necessary fixtures and
dimuli for sysem-leve tests. Operationd procedures that will be followed to minimize the
potential contamination hazard from pumpdown through return to ambient conditions should
aso beidentified. In cases where locdized hardware contamination protection is needed, a
practical solution may be a dry gas purge.

Because they can be a source of contamination themsalves, specid congderation should be

given to materids and equipment used in cleaning, handling, testing, packaging, and bagging
(eg., antigatic film materids).
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10.1

10.2

10.3

104

GENERAL

The developer should employ a structured program for the development of software. The
program should recognize the phases of the development life cycle (requirements analys's,
design, code and unit test, integration and build test, performance verification, and maintenance)
and utilize appropriate mechanisms to facilitate the devel opment effort and ensure the quaity of
the product. These mechanisms include documentation, reviews, verification activities, and
configuration management. The program should encompass ingrument flight software and
firmware, ground test equipment software, and any software related to mission operations.
Science and data andys's software are normaly excluded from these requirements

SOFTWARE DOCUMENTATION

The devel oper should establish and document software requirements and, where appropriate,
externd interface specifications and users guides. Design documentation should aso be
prepared, but this documentation may be less forma and internaly controlled. The developer
should establish and document its software verification program as discussed in Section 10.4
below.

SOFTWARE REVIEWS

The developer should participate in aprogram of internd and externa software reviews
designed to vdidate the software requirements, design and operating characterigtics, verify
externd interface requirements, and produce structured, error-free, maintainable code.

The developer should prepare for and participate in any project-level Software Requirements or
design reviews. The complexity and criticality of the software and the extent of its externd
interfaces should determine the extent and formality of thereviews. For example, the
requirements review could range from circulation of a document for comments to aforma
presentation.

The developer should establish a program of internd reviews designed to verify adherence to
development standards and design guiddines, testing adequacy, and to verify whether the design
satisfies the requirements. These interna reviews should consst of status and technical reviews,
including design and code walkthrough peer reviews.

Software requirements, design, management, and developmental status should be included as
part of any GSFC forma design reviews.

PERFORMANCE VERIFICATION
The devel oper should conduct a software test program to demonstrate the performance

adequacy of the software. This program should encompass testing at the build or release leve,
and sysem-leve testing of the product. The verification documentation should include test plans
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and procedures, and a Software Test Matrix, or equivaent document(s) that show(s) the
software requirements, tests to be run to satisfy the requirements, and results.

CONFIGURATION MANAGEMENT

The developer should employ a software configuration management process to manage
requirements, code, documentation, and data, and to track and report on the status of changes
to them. The process should include ameansto record, track and disposition identified
discrepanciesin the product (i.e., non-conformance control). The process should also include a
mechanism for referring to the project for goprova of any change requests that will affect
schedule, cot, function, or externd interfaces.
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SECTION 6

Design Criteria for Controlling
Stress Corrosion Cracking

An Evaluation of Liquid and
Grease Lubricants for
Spacecraft Applications

Quality Features of Spacecraft
Ball Bearing Systems

Standard Test Methods for Total
Mass Loss and Collected Volatile
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Environment.
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Goddard Space Flight Center
Fastener Integrity Requirements
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8.3.1 NHB 5300.4 (3J) Requirements for Conformal Note 2, 5 0r 8
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8.3.1 NHB 5300.4 (3K) Design Requirements for Rigid Note 2, 50r 8
*-86N27577 Printed Wiring Boards and
Assemblies

8.3.1 NHB 5300.4 (3L) Requirements for Electrostatic Note 2 or 5
Discharge Control

8.3.1 GSFC S-312-P-003 Procedure Specification for Rigid Note 5
Printed Boards for Space
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Reliability Uses

8.3.1 ANSI/J-STD-001 Requirements for Soldered Note 12
Electrical and Electronic
Assemblies

8.3.1 ANSI/J-STD-002 Solderability Tests for Component Note 12

Leads, Terminations, Lugs,
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8.3.1 ANSI/J-STD-003 Solderability Tests for Printed Note 12
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8.3.1 ANSI/J-STD-004 Requirements for Solder Fluxes Note 12

8.3.1 ANSI/J-STD-005 Requirements and Test Methods Note 12
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3 -- Department of the Navy, Naval Publications & Forms Center, 5801 Tabor Avenue,
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4 -- NASA/Lyndon B. Johnson Space Center, Publication Control Office, Houston, TX, 77058
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6 -- NASA/Marshall Space Flight Center, Marshall Documentation, Huntsville, AL, 35812

7 -- National Technical Information Service, Springfield, VA, 22161
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10-- American Society for Quality Control (ASQC), 611 East Wisconsin Ave., Milwaukee, WI.
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11-- American National Standards Institute (ANSI), 11W. 42nd St., 13th Floor, New York, NY.
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12-- Institute for Interconnecting and Packaging Electronic Circuits, 7380 N. Lincoln Ave.,
Lincolnwood, IL. 60646

*-NASA STI (Note 2) Recon Number: can be ordered individually from NASA STI by these
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EXHIBIT B: GLOSSARY

Acceptance Test: The process that demonstrates that hardware is acceptable for flight. It dso
sarves as aqudity control screen to detect deficiencies and is normaly used to provide the basis
for delivery for an item under terms of a contract.

Assmbly: A functiona subdivision of acomponent, congsting of parts or subassemblies that
perform functions necessary for the operation of the component asawhole. Examplesarea
power amplifier and a gyroscope.

Audit: A review of the contractor's or subcontractor's documentation or hardware to verify that
it complies with project requirements.

Critical: A potentid failure effect which would result in a sgnificant (as defined by the project)
performance degradation of an item of hardware or amission.

Collected Volatile Condensable Materid (CVCM): The quantity of outgassed maiter from a
test gpecimen that condenses on a collector maintained at a specific constant temperature for a
specified time.

Component: A functiond subdivison of a subsystem, generdly a salf-contained combination of
items performing a function necessary for the subsystem's operation. Examples are tranamitters,
gyro packages, actuators, motors, batteries.

Configuration: The functiona and physica characterigtics of parts, assemblies, equipment of
systems, or any combination of these which are cagpable of fulfilling the fit, form and functiond
requirements defined by performance specifications and engineering drawings.

Configuration Management: The systematic control and evauation of dl changesto basdine
documentation and subsequent changes to that documentation which define the origind scope of
effort to be accomplished (contract and reference documentation) and the systematic contral,
identification, status accounting, and verification of al configuration items.

Deating: The reduction of the rating of a device to improve rdiability or to permit operation a
high ambient temperatures.

Desgnated Representative: An individua (such asaNASA plant representative), firm (such as
an assessment contractor), Department of Defense (DOD) plant representative, or other
government representative designated and authorized by NASA to perform a specific function
of NASA. Asrelated to the contractor's effort, this may include eval uation, assessment, design
review participation, and review/gpprova of certain documents or actions.
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Dedructive Physcad Anadyss (DPA): Aninternd destructive examination of afinished part or
device to assess design, workmanship, assembly, and any other processing associated with
fabrication of the part.

Electromagnetic Compatibility (EMC): The condition that prevails when various eectronic
devices are performing their functions according to design in a common e ectromagnetic
environmen.

Electromagnetic Interference (EMI): Electromagnetic energy that interrupts, obstructs, or
otherwise degrades or limits the effective performance of eectrica equipment.

Falure See Nonconformance.

Failure Modes, Effects Andysis (FMEA): The study of a system and working interrel ationships
or its dements to determine ways in which failures can occur (failure modes),and effects of each
potentia failure on the system eement in which it occurs.

Functiond Tests The operation of a unit in accordance with a defined operationa procedure to
determine whether performance is within the specified requirements.

Hardware: Physcd items of equipment. Asused in this document, there are two mgor
categories of hardware as follows:

1 Non FHight Hardware: Development hardware not intended to fly, or
hardware of flight design but found to be of unsuitable qudity for flight use,
or hardware intended for use on the ground.

a. Prototype Hardware: Hardware of anew design that is subject to a
design qudification test program, but is not intended for flight.

2. Hight Hardware: Hardware to be used operationdly in space. It includes
flight ingtruments (experiments) and/or spacecraft hardware.

a. Protoflight Hardware: Flight hardware of anew design that is subject to
atest program, by exposure to design qualification levels and durations
equivaent to aflight acceptance test program.

b. Follow-On Hardware: Flight hardware built in accordance with a
design that has been qudified either as prototype or as protoflight hardware;
follow-on hardware is subject to aflight acceptance test program.

C. Space Hardware: Hardware that has been provenin adesign
qudification test program and that is subject to a flight acceptance test
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program and that is used to replace flight hardware which is no longer
acceptable for flight.

d. Reflight Hardware: Hight hardware that has been used operationdly in
gpace and is to be reused in the same way; the verification program to which
it is subject depends on its past performance, current status, and the

upcoming misson.

Inspection The process of measuring, examining, gauging, or otherwise comparing an article or
service with specified requirements.

Ingrument: A subsystem consisting of sensors and associated hardware for making
measurements or observations in space. The flying portion of aflight experiment.

Margin: The amount by which hardware capability exceeds requirements.

Monitor: To keep track of the progress of a performance assurance activity. The person
monitoring need not be present a the scene during the entire course of the activity, but will
review resulting data or other associated documentation (see Witness).

Nonconformance: A condition of any hardware, software, materia, or service in which one or
more characterigtics do not conform to requirements. As applied in quality assurance,
nonconformances fal into two categories -- discrepancies and failures. A discrepancy isa
departure from specification that is detected during inspection or process control testing, €etc.,
while the hardware or software is not functioning or operating. A failure is a departure from
specification that is discovered in the functioning or operation of the hardware or software.

Part: A hardware dement that is not normaly subject to further subdivison or disassembly
without destruction of designed use. Examples are bolts, diodes, resstors, €tc.

Performance Verificaion Determination by test, andyss, or a combination of the two thet the
gpacecraft can operate as intended in a particular misson. Thisincludes being stified that the
design of the spacecraft or element has been qualified and that the particular item has been
accepted as true to the design and ready for flight operations.

Qudification The process of demondrating that a given design and manufacturing gpproach will
produce hardware that will meet al performance specifications when subjected to defined
conditions more severe than those expected to occur during its intended use.

Redundancy (of design): The use of more than one independent means of accomplishing a
given function.
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Repar: Thearticleisto be modified by established (customer approved where required)
standard repairs or specific repair instructions which are designed to make the article suitable
for use, but which will result in a departure from the origina specification.

Rework: Return for completion of operations per drawing. The articleis to be reprocessed to
conform to the origina specifications or drawings.

Single Point Fallure: A single dement of hardware, which if it falls would result in the loss of
mission objectives or the hardware, as defined for the specific application or project for which a
single point fallure andyssis performed.

Spacecraft: An integrated assemblage of subsystems designed to perform a specified missonin
space.

Subassembly: A subdivison of an assembly. Examples are wire harnesses and popul ated
printed circuit boards.

Subsystem: A functiona subdivision of a spacecraft conssting of two or more components.
Examples are attitude control, dectrica power subsystems, and instruments.

Thermd Balance Test: A test conducted to verify the adequacy of the therma design and the
cgpability of the thermd control system to maintain therma conditions within established mission
limits

Tota MassLoss (TML): Tota mass of materid outgassed from a specimen that is maintained
at a pecified congtant temperature and operating pressure for a specified time.

Veificaion See Performance Verification.

Vibroacoudtics: An environment induced by high-intensity acoustic noise associated with
various segments of the flight profile, it manifestsitsdf throughout the payload in the form of
directly transmitted acoudtic excitation and as structure-borne random vibration excitation.

Witness: A persond, on-the-scene observation of a performance assurance activity with the
purpose of verifying compliance with project requirements. (see Monitor).
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Common Terms not included in MAG:

Catastrophic: A potentid failure effect that would result in complete loss of an item of hardware
or amisson or result in serious injury to personnd. eg., loss of ability to recover science data
would be catastrophic to an ingrument misson.

Configuration Control: The systematic evauation, coordination, and formal
gpprova/disgpprova of proposed changes and the implementation of al approved changesto
the design and production of an item, the configuration of which has been formaly gpproved by
the contractor or by the purchaser, or both.

Design Specification Generic designation for a specification which describes functiond and
physicd requirements for an article, usudly at the component leve or higher levels of assembly.
Initsinitid form, the design specification is a satement of functiona requirements with only
generd coverage of physicad and test requirements. The design specification evolves through
the project life cycle to reflect progressive refinements in performance, design, configuration,
and test requirements. In many projects the end-item specifications serve dl the purposes of
design specifications for the contract and items. Design specifications provide the basis for
technicd and engineering management control.

Discrepancy:. See Nonconformance.

Effectivity: The point (in configuration evolution) a which a change or action becomes
gpplicable to the hardware or software.

Electromagnetic Susceptibility: Undesired response by a component, subsystem, or system to
conducted or radiated electromagnetic emissions.

End-to-End Teds. Tedts performed on the integrated ground and flight system, including dl
elements of the payload, its control, communications, and data processing to demonstrate that
the entire system is operating in amanner to fulfill dl misson requirements and objectives.

Smilarity, Verification By: A procedure of comparing an item verified. Configuration, test data,
gpplication and environment should be evaluated. 1t should be determined that design
differences are inggnificant, environmenta stresswill not be greater in the new gpplication, and
that manufacturer and manufacturing methods are the same.

Temperature Cycle: A trangtion from some initid temperature condition to temperature
gabilization at one extreme and then to temperature stabilization at the opposite extreme and
returning to the initia temperature condition.

Temperature Stabilization The condition that exists when the rate of change of temperatures
has decreased to the point where the test item may be expected to remain
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within the specified test tolerance for the necessary duration or where further change is
considered acceptable.
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